Abstract Bamboo and rattan (BR) represent several plant genera and species that have long been widely grown as raw materials for manufacturing, as horticultural species for landscaping and as agroforestry species for reforestation. Today, many BR-producing countries can also harness these resources to help reduce poverty and boost regional economic growth. Growing BR could also help mitigate climate change and protect the natural environment as an essential part of sustainable development plans. However, despite much progress in research on BR, we still lack sufficient molecular and genomic resources to study these useful species. Therefore, we have launched an international collaboration, the GABR (the Genome Atlas of Bamboo and Rattan) Project, as a comprehensive and coordinated effort to accelerate our understanding of the genetics of BR through the application of genome analysis technologies. GABR includes two core subprojects: Bamboo-T1K (Transcriptomes of 1000 bamboos) and Rattan-G5 (Genomes of 5 rattans), as well as having several other cooperative subprojects. Here we describe the GABR organization and project directions and status.
Keywords: GABR, Bamboo, Rattan, Large-scale, Multi-omics, Biodiversity   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Background Bamboo species belong to the subfamily Bambusoideae in the grass family Poaceae, with substantial phenotypical diversities (Figure 1) . Approximately 1,250 bamboo species in 75 genera have been reported. They occupy a broad range of environments around the world, from tropical and warm temperate ecosystems to cold temperate regions [1] (Figure 2A) . Rattans are a type of spiny climbing palm that belong to the subfamily Calamoideae in the palm family Arecaceae and are native to the tropical and subtropical regions in the Eastern Hemisphere. There are ~600 rattan species in 13 genera, among which more than half are distributed in Asia with the remaining species found in West Africa and on islands in the northern Pacific [1] (Figure 2B ). Bamboos and rattans can be used for different purposes (Additional file 1), including food, energy production, fiber, building materials and utensils. Thus, they have made enormous contributions to human civilization and have great potential for poverty reduction, industrial development and sustainable development.
Today, plant-derived natural resources, particularly wood resources, are threatened by environmental change because trees have naturally long growth cycles. Unlike trees, BR can be harvested as perennial crops every 3-5 years for bamboo and every 5-7 years for rattan after initial planting without causing deforestation or resource loss. BR species grow new shoots each year after the root system has become completely established underground. Moreover, due to their special fiber and wood characteristics, BR species are used industrially on a large scale. International Network for Bamboo and Rattan (INBAR) estimates that global trade in BR amounted to about $60 billion in 2015 and has increased by ~$2.5 billion annually [2] . There are about 1.5 billion people in the world whose lives are significantly associated with the use or production of BR resources [2] .
Molecular genetic research has become extremely important to promote genetic, evolutionary, taxonomic, and functional studies of BR to comprehensively understand the biology and other characteristics of these genera, and to rationally utilize BR resources. Globally, the International Centre for Bamboo and Rattan (ICBR) plays a significant role globally in BR research and development. As one of the main organizations involved in BR research, the ICBR has participated in the Bamboo Genome Project (BGP) and released the draft genome of Moso bamboo (Phyllostachys edulis) [3] in February 2013. This species is the only whole genome sequence that is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 publicly available. Aside from this, other genomic resources for BR remain limited, with a focus on a small fraction of extant BR species, providing a total of 53 transcriptomes from two bamboos and 8 transcriptomes of a single rattan species publicly available in National Center for Biotechnology Information (NCBI) Sequence Read Archive (SRA) database (Additional file 2).
The lack of more extensive genomic resources seriously impedes progress in BR classification and evolutionary, and functional analyses of BR. We have, therefore, launched the GABR Project, with the aim to generate large-scale 'omics data at multiple levels to propel BR studies ranging from basic molecular biology research to applied genetic engineering.
The GABR Consortium
The GABR Consortium was established in 2016 by INBAR, an intergovernmental organization that was founded in 1997 through a treaty deposited with the United Nations. INBAR is made up of members from the many countries that have major bamboo and rattan resources, and has a professional team composed of experts in bamboo and rattan, forestry, natural resource management, ecosystem services, socio-economics, capacity building and knowledge sharing.
INBAR initiated the GABR Consortium as an international, collaborative and non-profit initiative to generate comprehensive BR genomes and other 'omics datasets to improve the conservation and utilization of the world's BR resources. The consortium now consists of ~100 scientists from 52 scientific institutions and universities across 42 countries and one intergovernmental organization (Additional file 3). The Steering Committee is composed of two core consortium members who are recognized experts in taxonomy, bioinformatics, phylogeny and evolution. The head office of the GABR Consortium is located within the ICBR in Beijing, China. In addition, the GABR Consortium has chosen BGI (formerly known as Beijing Genomics Institute) in Shenzhen, China as a hub to facilitate sample collection and data sharing. INBAR, as the major member and initiator of the GABR Project, will provide support for this project.
As an international collaboration, the GABR Consortium invites any experts and institutions from related fields in the world to participate in the project. Interested participants should i) provide 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 additional BR resources not included in the current sample list ( Table 1) ; ii) contribute to data generation or iii) address further questions in BR using GABR 'omics data. Researchers interested in participating in the GABR Project are required to provide a brief proposal via email to Professor Zhimin Gao at GABR@icbr.ac.cn. Submitted proposals should include intended contributions to the GABR Project and a detailed clearly described research plan. The GABR Consortium will review submitted proposals and if appropriate substantial contributions to the project are proposed, the GABR Consortium may agree to accept the applicant as a new member of the GABR Project.
Otherwise, reasons for rejection and suggestions for improvement of applications will be provided.
Project development and current progress
The GABR project includes two core subprojects, Bamboo-T1K (Transcriptomes of 1,000 bamboos) and Rattan-G5 (Genomes of 5 rattans), and we included several studies of critical pathways of BR using high-throughput sequencing data. The first phase of the GABR project has three main objectives.
First, we selected ~ 220 representative Old World woody bamboo species belonging to 37 genera, based on morphological characteristics, to use in well-resolved nuclear phylogenomic analyses to reveal the phylogenetic relationships among bamboo genera (Item 1 in Table 2 ). We then chose ~ 340 bamboo genera for classification studies using transcriptomic sequencing and DNA barcode analysis technologies (Item 2).
Second, we chose two rattan species (Daemonorops jenkinsiana and Calamus simplicifolius) of economic significance to perform whole-genome sequencing and genome assembly using Illumina and PacBio platforms (Item 3).
Third, as we obtain data, we plan to use large-scale multi-omics data to explore critical biological phenotypes of bamboo, including the bamboo rapid-growth trait from different perspectives (Items 4-6), flowering development (Item 7) and the regulation of important metabolites using proteomics and metabolomics technologies (Items 8 and 9) . The large-scale multi-omics data from this project will also be systematically and comprehensively analyzed using in-depth data-mining methods 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 (Item 10). For this work, we will develop novel bioinformatics methods or pipelines for the assembly and annotation of large genomes and for multi-omics analyses in plants (Item 11).
Currently GABR Project has started the sampling and data generation. The GABR team has established a collaborative global network to collected ~340 bamboo and two rattan samples from Malaysia, Ghana, Kenya, Ethiopia, Brazil, and many locations in China (Additional file 4) . For the two rattan samples, flow cytometry analysis and whole genome survey have been conducted to estimate the genome size (Additional file 5). For the other samples, members of the project are currently carrying out DNA and RNA extraction, as well as data generation.
Data sharing policies of GABR
For data sharing, we will be following the Fort Lauderdale rules [4] and Toronto International Data Release Workshop guidelines [5] . Initially, the data will be shared at the official GABR website (www.gabr-project.com), formerly BambooGDB (bamboo genome database) [6] . All of the raw sequence data generated by the GABR Project will to be uploaded and deposited at NCBI (https://www.ncbi.nlm.nih.gov/sra) as well as to the GABR Project database. Data deposition will be released at the time of publication of any resulting papers if not sooner.
To effectively expand our understanding of BR genomes and facilitate future studies related to the GABR Project, we will also develop a GABR website where all available public BR data will be aggregated (both from the GABR Project and from previous BR-related genomics and transcriptomics publications). The genomic sequence and RNA-Seq data will comprise of the main contents of this database. Detailed information regarding samples, data quality and other information regarding these data will also be provided to researchers to facilitate further analyses.
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